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The measurements of intensity of ultrasonic resonances below the transition to the supercon-
ducting state in a tetragonal metal cannot distinguish between the magnetic and nonmagnetic
superconducting states with two-component order parameters.
By the measurement of intensity of ultrasonic reso-
nances in Sr2RuO4 below the transition to the super-
conducting state there was demonstrated [1, 2] the ther-
modynamic evidence for a two-component of supercon-
ducting order parameter in this material. There are sev-
eral possibility for two-component superconductivity in
a tetragonal metal [3]. Here we discuss the problem of
choice between them in relation with the results reported
in the aforementioned preprints.
The magnetic superconducting ordering is described
by multicomponent order parameter. The multicompo-
nent magnetic superconducting states can arise directly
from the normal state in metals with point symmetry
group containing multidimensional representations. Also
it can appear as result of two subsequent superconduct-
ing transitions relating to the different one-dimensional
representations. Let us consider the magnetic state in a
tetragonal crystal with symmetry group of normal state
D4 × I ×U(1)×R, where I is the operation of space in-
version, U(1) is the group of gauge transformations and
R is the time reversal operation. Tetragonal symmetry
point group D4 consists of four rotations Cn on angles
pin/2 around tetragonal axis zˆ and four rotations Un on
angle pi around the axis
xˆ sin
pin
4
+ yˆ cos
pin
4
,
n = 0, 1, 2, 3. This group has one two-dimensional rep-
resentation. The corresponding superconducting order
parameter has two component η = (ηx, ηy). Its concrete
form is established by minimisation of Ginzburg-Landau
free energy density
fs = α|η|
2 + β1|η|
4 + β2|ηη|
2 + β3(|ηx|
4|+ |ηy|
4), (1)
where α = α0(T − Tc). At β2 > 0, β2 > −β3/2 the most
energetically profitable state is
η = η0(1,±i), η0 = −
α2
2(2β1 + β3)
(2)
breaking time reversal symmetry. Its symmetry group or
superconducting magnetic class is [3]
D4(E) =
{
exp
(
ipin
2
)
Cn, exp
(
ipin
2
)
RUn
}
. (3)
Unlike to the normal state the superconducting state is
not invariant in respect of time reversal R but it is in-
variant in respect of R in combination with rotations Un
and gauge transformations eiπn/2.
The symmetry of superconducting state allows the fol-
lowing piezo-magnetic coupling [4] between the strain
uij =
∂ui
∂uj
+
∂uj
∂ui
and the superconducting order parameter
fpm = iC(ηxη
⋆
y − ηyη
⋆
x)uxy. (4)
The corresponding to the strain uxy elastic energy density
is
fel = 2C6u
2
xy (5)
By minimisation of fpm + fxy in respect of uxy we find
uxy = ∓
C
2C6
η20 (6)
Hence below the phase transition to the magnetic su-
perconducting state the tetragonal crystal acquires the
deformation. The sign of this deformation depends from
the direction of the superconducting magnetic moment
parallel or antiparallel to the tetragonal axis. So, it is
different in different magnetic domains.
On the other hand, the standard interaction with uij
strain is
fint = r3(ηxη
⋆
y + ηyη
⋆
x)uxy. (7)
fint = 0 is equal to zero for the state Eq. (2). However,
for the state
η = η0(1,±1), η0 = −
α2
2(2β1 + 2β2 + β3)
(8)
with symmetry (see [3]) D2(C2) × R this term produces
the appearance of spontaneous deformation
uxy = ∓
r3
2C6
η20 (9)
below the transition to the superconducting state.
Thus, the phase transition to the superconducting
state with two-component order parameter creates the
similar elastic strain both in the case of magnetic Eq.(2)
and nonmagnetic Eq.(8) superconducting states. So, we
came to the conclusion: the measurements of intensity
of ultrasonic resonances below the transition to the su-
perconducting state cannot distinguish between the mag-
netic and nonmagnetic superconducting states with two-
component order parameters.
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